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Summary
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In addition to changed gene expression, pathological cytoskeletal dynamics in the axon is another Axon regeneration in the mammalian central nervous system (CNS) has been a long standing and 45 highly challenging issue in the biomedical research field. The current consensus is that there are two major 46 reasons that neurons in the mature mammalian CNS do not regenerate their axons after the injury. One is 47 the hostile environment caused by inhibitors in the scar tissues and degenerating myelin, and the other is 48 the diminished intrinsic neural regeneration ability of mature CNS neurons 1, 2 . Therefore, the widely 49 accepted view is that combination strategies that target both intrinsic growth ability and inhibitory permissive environment similar to that in the peripheral nerve grafts.
59
In contrast, several studies targeting the intrinsic axon growth ability (e.g. Pten, SOCS3, KLF4, induce by far the strongest promoting effect on CST axon regeneration 9 . However, the most robust deletion-induced regeneration of CST axons beyond the injury site was greatly diminished in aged mice. rates were assessed, myosin IIA/B dKO showed no effect ( Figure 1D, E could lead to robust optic nerve regeneration 2 weeks after ONC (Figure 2A , B). When both treatments
159
were combined, optic nerve regeneration was greatly enhanced, with the longest length reaching 3.5mm GSK3β, marked by phosphorylation of its serine 9 residue (pGSK3β), at 2 weeks after ONC. RGCs under different conditions. The results showed that knocking out myosin IIA/B had no effect on 189 pS6 level, whereas Lin28a overexpression markedly increased the level of pS6 in RGCs ( Figure 3A ).
190
Quantification demonstrated that the percentage of pS6 positive (pS6 + ) RGCs increased by nearly 8 folds
191
in the Lin28a overexpression group compared to that in the wild type group, whereas myosin IIA/B dKO 192 had no effect (Fig. 3B ). To provide a more objective measurement of pS6 level in RGCs, we also conditions. Similarly, there was no significant difference between wild type and myosin IIA/B dKO RGCs,
198
whereas the Lin28a overexpression group had a much higher value ( Figure 3D ). cones could be found at almost all axonal tips, indicating that deleting myosin IIA/B was an efficient 303 strategy to transform retraction bulbs into growth cones. Based on our previous in vitro study 20 , it is likely 304 achieved through slowed retrograde flow of actin filaments and the subsequent protrusion of microtubules 305 in the dystrophic growth cones. In addition, confocal microscopy of cleared whole-mount optic nerves 306 allowed us to trace the trajectories of regenerating axons. We found that in the wild type group, the 307 majority of axons showed wandering trajectories with many kinks and U-turns, likely due to the inhibitory 308 substrates in the optic nerve. As a result, such axon extension resulted in very inefficient axon regeneration.
309
When myosin IIA/B were knocked out, most axons followed a straighter path with reduced U-turns, neuronal compartments with distinct cellular mechanisms, resulting in an optimized combination.
330
Although the number of long-distance regenerating axons observed in this study was relatively low, it was 331 likely due to the poor survival of RGCs as neither myosin IIA/B knockout ( Figure 1D, E 
Construct
355
The pAAV-Ef1a-Lin28a-FLAG plasmid was constructed in a previous study 13 . Briefly, the 
Analysis of RGC axon regeneration
384
Tissue cleared whole-mount optic nerves were imaged with a 20x objective on a Zeiss 800 385 confocal microscope. For each optic nerve, Z-stack and tiling (10% overlap) functions were used to 386 acquire stacked 2-μm-thick planes of the whole area of interest and the tiles were stitched.
387
To quantify the number of regenerating axons in each optic nerve, every 8 consecutive planes were 
414
Only cells in the ganglion cell layer were counted. 
Analysis of myosin IIB level in RGCs
438
To analyze myosin IIB level in RGCs, both retinas (uninjured) of each mouse were taken from 439 transcardially perfused Myh9 f/f : Myh10 f/f mice 2 weeks after intravitreal AAV2-Cre injection and sectioned.
440
The retinal sections were stained with mouse anti-tubulin β3 (Tuj1, 1:500, BioLegend) and rabbit anti- Cell Signaling Technology) for 1 hr at room temperature. All antibodies were diluted with blocking buffer.
508
The membranes were washed with TBST (1%) for four times (5, 5, 10, 10 min) after each antibody 
Analysis of axonal tip morphology
515
The method was derived from a previous study 32 . For each optic nerve, top 10 longest axons were 516 first identified in the Z-projection image of the nerve. Then the maximum diameter of each axonal tip and 517 the diameter of the cylindrical shaft of the corresponding axon were measured using Fiji software (NIH),
518
and a tip/shaft ratio was calculated. An axonal tip was defined as a retraction bulb if its tip/shaft ratio was 519 over 4. Otherwise, it was defined as a growth cone. two-tailed unpaired or paired t test was used. For comparisons among three or more groups, one-way
540
ANOVA followed by Tukey's multiple comparisons test was used to determine the statistical significance.
541
Fisher's exact test was used to test contingency tables. All details regarding statistical analyses, including 542 the tests used, P values, exact values of n, definitions of n, are described in figure legends.
543
Data availability
544
The data that support the findings of this study are available from the corresponding author upon 545 reasonable request. RNA-seq raw data will be deposited and accession code will be available before 546 publication. (B) Quantification of optic nerve regeneration in (A) (one-way ANOVA followed by Tukey's multiple comparisons test, P < 0.0001 at 250, 500, 750, 1000, 1250 and 1500 μm, P = 0.0002, 0.0071, 0.3875 and 0.3875 at 1750, 2000, 2250 and 2500 μm, respectively; n = 10 mice in 4-week WT group, n = 9 mice in other groups).
(C) Quantification of average length of top 5 longest axons of each nerve in (A) (one-way ANOVA followed by Tukey's multiple comparisons test, P < 0.0001; n = 10 mice in 4-week WT group, n = 9 mice in other groups).
(D) Representative images of flat-mounted retinas showing that deletion of myosin IIA/B had no effect on RGC survival rate 2 weeks after optic nerve crush. Flat-mounted retinas were stained with anti-tubulin β3 antibody (Tuj1, green). Scale bar, 50 μm.
